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FOREWORD

An ARI mission is to produce technology (i.e., job aids) that will help
Army training developers design, acquire, and use simulation-based and
computer-based programs of instruction for weapon operation and maintenance.
A critically needed aid is one that will help the Army design and evaluate
training devices early in the weapon acquisition cycle.

One approach to such aiding--comparison-based prediction (CBP) is the
subject of this report. The approach has been used successfully as part of
the HARDMAN method for e=stimating new hardware reliability. We are now trying
to exploit CBP as a method for estimating the effectiveness of training devices
as early as the drawing board or prototype stage of training development.

The current effort translates several years of scientific research and
developmental testing into user-oriented guidelines. These guidelines can
help PM-TRADE and training developers in TRADOC make better informed and docu-

mented decisions.

EDGAR M. JOHNSON
Technical Director
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CBP GUIDE
CHAPTER I: INTRODUCING THIS GUIDE
OBJECTIVE :
The objective of this Guide is to explain to training device
developers how to use the Comparison-Based Prediction (CBP) method to

estimate the cost and effectiveness of new training devices. By

training device we mean any equipment that represents or simulates the
equipment and tasks of the system whose use is being trained. This
can include the system equipment itself as an Actual Equipmeht
Trainer. This Guide describes a way to make better predictions early
in the design sequence.

Why do we need such a methodology? Consider Figure 1. It

represents the fundamental challenge of the equipmeﬁi procurenent
cycle: that the potential to make insxpensive changes declines as
the procurement cycle progresses, while the data for deciding on these

changes are not available until the cycle is almost completed.

Figure 1.

Potential for Change vs, Data Availability

Potential for Change

Availnbiltg} of Dsta
“Conceptual ototype Test & Production
Design Evaluation

Procurement Cycle
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Most cosg effective decis{ons about the need for and design of a
training device must be made early on, Decisio;s involving fidelity
and function, type of training -- all have to he made almost before
t@e system itself is developed, and well before the training dedice
has been constructed and can yield operational data. Yet most
prediction models require considerable data about the device, data
which are not available until much later in the cycle. Therefore, a
prediction method is needed that is not data driven, that can operate
with information from sources other than the.system nndef:design.

Why is Comparison-Based Prediction useful? Because it uses

experience with devices similar to the one under de;ign. and therefore
can be used early in the cycle; at the Training Development Study
(TDS) or Cost and Training Effectiveness Analysis (CTEA) stages. It
does not require operational data from the new systea.

-

There are other techniques in use, ranging'fron reliance on

expert judgment, at the simplest level, to mathematical models, at the
most complex. But expert judgment by its nature is subjective, and it
can be difficult to evaluate such predictions or justify them to

others. And, at the other end, complex systems require large scale

models to encompass all necessary factors that affect training
effectiveness, and there may not be the operational data needed to
feed such a model. While all the data and.knowlcdgc needed to feed
prediction models may cventuilly become available, it is useful to
have a relisble way to make decisions early in the cycle.
Comparison-Based Prediction provides s technique that is
between unstructured expert judgments and complex data-driven

codels. It is a method for structuring expert opinion, so that
1-2
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it makes use of the data that is available about similer cases.. It .
provides an audit trail of such judgments, so that they can be
evaluated, compared with other predictions, and adjusted as the design
process advances.

Who is likely to use CBP? Many people are involved in the

development of training devices at different stages of the procurement
cycle. Potential users may be personnel in Army training operations,
responsible for the design and development of ‘training programs or
courses for new or modified systems. They may be personné},iu
contractor organizations, who must develop training requirements for
new material, They could be personnel in program management offices
(PMOs) responsible for training-program needs of new system
development. Or they may be personnel in other uili:ary
organizations, such as TRADOC iysten managers; or a; other levels,
such as TRASNA or PM TRADE, who have responsibility for training
progran development. |

They need to answer such questions as: What type of training
devices (for example, 3-D or 2-D?) should we consider for this system? ‘
How much should be budgeted for developing, operating, and maintaining
a training device for this system? - What will be the most cost
effective training device for this system? What will be the
characteristics of an effective device? Which training device vill be

nost effective under these particular circumstances?

1-3
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i

COMPARISON-BASED gR_E_QI_C_T_I_QPi

Vhat is this methodology? Comparison-Besed Prediction (CBP) is &

method of reasoning by analogy, where an inference is I!.adt for ong'
object or event .based upon a similar object or event. It is the use
of concrete experience as a basis for predicting the future, making
ad justments on the basis of key differences between. the cases. Llater
in this manual, ve will go into the method in considerable detail.
And in Appendix A, we discuss the development of CBP and the research
done with it to date. For now, let us describe this type of reasoning
by a simplified, every-day example that wi_li illustrate its principles
and elements.

When homeowners decide to sell their house, tizcy are going to do
something they have never done before. They may have had expsrience
in buying and u.ning other homes; however, selling their present home
represents a unique, if sinthr. event. They need first to predict a
realistic selling price — ou‘ vhich not only will attract a buyer but
also will give them an optimus return on their {nvestaent. .

They will turn to an expert, perhaps an appraiser, or s realtor
vho is knovledgeable about market prices for other houses bought and
sold in their neighborhood. The cxinrt vill compare their house with
others nearby that have sold recently or that are on the aarket,
choosing ones that are like it in uporuué features such as size, or
age, or type of co_ustruction_. The hoseovners say decide to get
opinions from ur; than one expert, or from persons vith s variety of
knovledge or uporicr;cc. The general strategy is to seek expert
opinion that is besed on knowledge of coaparadle cases. The aost
important elements are identifying knowledgeable experts and finding

appropriate cases to use for coaparison.

1-4




The way an expert, such as a realtor or appraiser, proceedé is to
.1dentify the important factors that influence the selling price.

These generally include those on which the selection of:comparison
cases was made;~ané other faétors specific to the houses, such as
nimber of bathrooms, or size of grounds, or orientation on the lot.
Other factors in the situation are also noted, such as whether
mortgage rates are rising, whether housing is scarce, whether the
schools are good. The expert will finally winnow down a full list of
important factors into those few, perhaps no more than fivé{lthat
currently have the most influence on price.

The next step will be to assess the differences, between the
comparison houses and the one under evaluation, on these important
factors. The expert will examine them one by one.~%;rst to assess the
direction of the difference, then to refine a measure of its
magnitude, For example: the home may have four bedrooms, while the

comparison case had only three. The extra bedrooﬁ will probably mean

a higher selling price, but just how much is yet to be determined. At .

the same time, perhaps the home for sale has only one bathroonm,
whereas the comparison house had two. On this factor, the price may
be expected to be lower than that f;r the comparison case., The expert
later will fine tune the effect of these factors, with realistic
adjustoents based on experience. ‘

The outcome is a price that startedlns the selling pric; on a
comparable house or houses, adjusted up and down by an expert, on the
basis of differences basvoon this house and the other(s) on certain
important factors. In addition, there is a clear record of this
process. The expert did not pull a figure out §£ the air, and the

homeowner knows the basis for the decision. The price can be

1-5
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justified to those who musﬁ evgluate it; and if there should be a
change in one of these factors -- or if the experience with one‘bf the
comparison cases should turn out to be different -- an adjustment.can
easily be made.

This is an example of how reasoning by analogy‘horks. and how we
accept it as a useful methodology.in areas that are im}ortant. Note
that the expert could have developed a model, putting a price on each
and every feature .of the home and then adjusting for certain known
factors.. There are times when that is not practical or r~cessary; the
use of aﬁalogy allows us to concentrate onignly the.mOSt important
variables.

While identifying many possible causal factors, the realtor
settled on those few that currently were likely to have the most
influence on price. Since a few factors generally account for the
largest part of the differences between cases, the marginal value of
additional factors is low. By using a wéll chosen analogy, we
incorporate the vital elements of our subject, Githout having to know
why they behave as they do, and focus on what is different about the
new situation and what effect those differences will have. In effect,

we have controlled for those many variasbles which are common to both

cases.

Using the example of the home sale, let us define the elements of
the CBP method. Then, we will build a model of the methodology.

Table I lists the elements in the example of the home sale and shows

the formal element of CBP methodology which each illustrates.

1-6
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Table I

Elements of the CBP Methodology

Element in
Illustration

The home being soldé
Selling orice
Selling price for A

The rea2ltor, perhaps other
aporaisal experts

Othei homes, previously sold

Pactors that may influence
the selling price of A
(e.g size, age, number of rooms)

Final list of most important
factors, their svecific values
ané how they affect one another

Decision on how many comparison
houses (B) to use and how many and
vhat kinds of appraisors to use
Selling price for a comparison house
Documentation/Report on how selling

price of the target house was
estimated

1~7

CBP
Element

Target Case: A
Target .Variable: T
Target Value: T(A)

Subject Matter Expert
(SME)

Comparison case(s): B
Ciusal factors

(from which high

high drivers are
gselected)

Scenario
Strategy

Comparison Value: T(B)
Audit trail
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The steps in using Comparison-Based Prediction a1z summarized as

follows:
PHASE I -- SET UP YOUR PROBLEM:

1. Specify the target, the device for which you are trying
to predict cost or effectiveness. This is called A.

2, Define the measure of that cost or effectiveness. This
is the target variable T; this is what you are
trying to predict, what you need to know.

3. Identify the major causal factors (high drivers) that
vill affect the target variable for A, T(A).

4. Determine a context, or scenario, for your prediction,
building in values for the high drivers. Under what
conditions will A operate? How will the target value T(A) be
measured?

PHASE II -- SELECT SPECIFIC RESOURCES:

S. Identify comparison devices B (l...n); if you are
not knowledgeable here, ycu may have to consult

with others who are.

6. Examine ‘the CBP strategies to select the one most
relevant to this probles.

7. Choose knowledgeable subject matter experts (SMEs), ones
faniliar with the comparison device if you have already
chosen that. For some problems, you may need no expert
but yourself.

PHASE III -- COLLECT YOUR DATA:

8. Determine, with your SME, the comparison value
T(B). This will be the same variadle, T, that you chose
for the target device; but for the comparisor case, the
value, T(B), should be known slready. 1in some cases,
there will be no data available for T(B), and your SME
will have to estimate thems.

9. Present the high driver list. Exanine the scenario
differences between cases A and B. Estimate the effect

of these differences, one by one, on the comparison
value T(B).

10. Adjust the value of T(B) to sllow for the
differences between B and A.

1-8
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PHASE IV -- MAKE THE PREDICTION:
11. Determine a value for T(A) from this adjustment.
12. Document this prccess to leave an zudit trail.” This

becomes the basis for evaluating this'decision, or
revising it as development proceeds.

Why would you want to use this method? We have aiready discussed

the need for predicting training device cost and effectiveness early
in the design cyc}e. Here are some reasons for using this approach in
particular: “

| ADVANTAGES OF CBP

CBP has characteristics that make it especially useful early
in the training device development cycle.

DATA ~- It does not require a great deal of data
about the targetfor which predictions are
* needed.

EXPERIENCE =~ The predictions are derived from operational
experience, not theoretical models.

STRUCTURE -~ It uses expert judgments, but it structures
those judgments to increase the quality of
the predictions,

RELATIVE — It asks experts for relative judgments, that
JUDGMENTS . 1is, conparisons to cther cases; these are
: easier to make than absolute predictions.

DOCIMENTATION -- It creates an audit trail of the prediction
process; the decision can be explainea and
justified and, as development proceeds, the

prediction can be updated.

1-9
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when is the use of the CBP method inaprropriate? As any

method does, CBP also has its drawbacks. These can show you when not
to apply CBP.
DRAWBACKS OF CBP
DATA -~ CBP requires data from specific cases, not
summary statistics, and such case data may
not exist. They may be estimated; and
though subjective, they are systematically
collected from experts who base them in
their own experience, thus reducing error. .
If data for a formal model are available,
then a reliable model should be used, -
SUBJECTS — CBP's simplistic model may invite too casual
use. It requires expertise, but people
disagree on who is expert. Using CBP
successfully requires credible experts.
CASES -~ Cr- 's that are comparable to the one under
cousideration must be known for :he method
to be successful. However, it’'_s rare that

2 device should be so unique as to have no
similarities to others.

BACRGROUND

The Army has developmentally tested the use of CBP for predicting
the effectiveness of training devices. Applications involved | .
automotive maintenance trainers (AMTESS), videodisc gunnery simulators
for tenxs (VIGS), and trainers for self-propelled howitzer operations
and mainienance (KIP). CBP methods have been used to predict suck
meesures as time saved in training and éffectiveness of training. A
study at George Mason University, not yet reported, predictihg the
ef{ectiveness of training devices with varying degrees of physical and
functional fidelity, yielded correlations of .90 between CBP
predictions and test results (Klein, in process). In another study,
training personnel indicated n;re confidence in the predictions they

made using CBP than in their own unstructured "expert" judgaents.

1-10
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Reasoning by analogy is already part of ac;epted military
planning methodology. The Air Force has develoged one procedurg for
such reasoning, Comparability Analysis (CA), to prediét”the
reliability of n;w aircraft systems (Tetmefer. 1976). Correlatioﬁs
between predicted and observed reliability of systems on A-10 aircraft
ranged from .36 to .84, the higher for cases where eﬁpirical data were
eavailable and did not have to be estimated (Klein & Gordon, 1984).

To illustrate CBP in the Air Force, an engineer wishing to
predict the reliaﬁility of the duct system of a2 new aircréft finds a
duct system on a comparable aircraft that.is already in use. The
operational data on the reliability of the existing duct system serve
as ; data base. The engineer identifies differences between the new
aircraft and the operationazl one that affect reliadbility. If, for
example, the duc} system 9£ the new aircraft is twice the size of the
duct system of the existiﬂé aircraft, and there‘are no other important
differences, then the engineer.may calculate that the data for the new
system will be twice the magnitude of the existing data. This degree
of adjustment of existing data is termed the adjustment factor, in

this case 2X, or twice. The engineer applies this adjustment factor

(that is, 2X) to the operational data to generate a prediction for the
new duct system. Thus the prediction is based on the operational data
but enhanced by the engineer's judgment of how to adjust those data to
fit the new situation (in this case, to multiple them by 2).

For a more comprehensive discussior. of the development of CBP,

please see Appendix A
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This has been the who, what, why, and when of CBP methodology for

predicting training device effectiveness and cost. We have described
a process that structures expert judgment, using data from comparison
cases from the expert's own experience, and providing an audit trail
for evaluation and update. The method is suitable for use early in
the design stage, when there is insufficient data for the use of
formal prediction models. We are now ready to turn to the how of this

process, and detail the steps in the CBP procedures.

1-12
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CHAPTER II: HOW CBP WORKS: A Quick Examole

Back on page 1-8 we summarized the steps of CBP. We have turned
that summary into a flow chart, on page 2-2, Both of these summaries
can be referenced as you follow the hypothetical example below of &
CBP application. In addition, Appendix B contains sample forms that
support this example,

A word about the diagram on page 2-2. The flow chart is
circular, suggesting the iterative nature of t?e procéss. Sometimes
information received in one step will prompt yéu to return to an
earlier st;p to rethink or adjust a decisioﬁ.hade there. For example,
you may choose a8 comparison case and, in a subsequent step, the expert
you choose suggests a better case that you did not know about. These
steps are not to be taken as rigidly sequential. Also, the same
resources oay be used at different stages of the process.

This circular flow chart of the process is also a visual aid to
the organization of the remainder of the Guide., You will see it
printed at the top of each section, with the shaded porfion of the
¢iagram being the steps under discussion in the following text. It
will be essier to find your way in the process by making reference to
the diagranm on the page you are studying.

Throughout the example application in this chapter are inserted
lists identifying t§e exanple's elements in terms of the elements of
CBP methodology. To assist yoﬁr understanding, we also repeat the
identification of elements from the home sale example. And for each

element, we also show its alpha symbol.

2-1
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Figure 2

Comparison-Based Prediction Process
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SETTING UP THE PROBLEM

The Aray is building 2 new howitzer, and vou gre charged with )

" recommending & training device to be ready for use vhen the howitzer
is delivered. There are many decisions to be made: whether to use aﬁ
existing device or build a new one; whether to use a simulator or
recommend training on the actual equipment; and many others that would
come before and after this level of recozmendation. Assume that for
our exaz=ple you have narrowed in on trving to predict the
effectiveness of a 3;dimensional. highly realistic training device
that will have many instructional features, such as feedback
mechanisas and recording devices. You have decided that the measure
of training effectiveness will be the number of direct hits the class

zexbers average on their final test round.

CEP ELEMENT SYMBOL * IN THIS EXAMPLE IN HOME EXAMPLE
Target Case A Training device for Home being sold
the new howitzer
Causel Factors CF Physical Fidelity; Size, age, etc.
Feedback Potential
Target Value T(A) Average hits, final Selling price
test round for A

SELECTING SPECIFIC RESOURCES

You investigate and find that there is currently no device with
this degree of fidel;:y for training on the howitzer. You are not
sure vhether to choose as a coobarison case a howitzer training device
that lacks physical ficelity, or a training device for a tank gun that
is close to your subject in that it has the important features of
physical fidelity and feedback capability. You choose the tank gun

training device but decide to use also a howitzer panel trainer that
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has good feedback characteristics.

CBP ELEMENT SYMBOL biﬁ_THIS EXAMPLE IN HOME EXAMPLE
Conparison B Bi1 Tenk gun Other homes, sold
Case(s) simulator or on the market

B2 Howitzer panel
trainer

You decide to call on training supervisors as your SMEs, and

.

choose two for their respective experience in using the El and

B2 training devices.

CBP ELEMENT SYMBOL IN THIS EXAMPLE IN HOME EXAMPLE
Subject SMEs #1 Tank gunnery Realtor,

Matter Experts training supervisor appraiser

#2 Howitzer gunnery
training supervisor

You interview each SME separately, and have the SME consider
only the training device which is the most familiar. [NOTE: this
is & choice of strategy.]

COLLECTING THE DATA

Eefore starting the interview vou draft a cuide for it, so that
you will preient each SME with the same description of your proposed "
training device and give the same definition of the causal factors
(e.g. physical fidelity, instructional features) you have identified.
You also want to list the questions you will ask to be sure you cover
the saze ground with each one. You can plan on an intcr;inv of 45-60
minutes.

You find that in the :rainini courses for howitzers and for tank
gunners, there are different designations for vhat you thought of as

an appropriste measure: number of hits on final test round. Each SME

2=4
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led you through the intricacies of, training and testing, and you wound

up with considerable refinement in your descriptioﬁ of the comparison

- target variable and the circu:stances under which it was measured.

CBP ELEMENT SYMBOL IN THIS EXAMPLE IN HOME EXAMPLE

Comparison T(B) You have specified for Selling prices
Value each of Bl & B2 for the
the level of cless, comparison
specific round, «nd cases

other details that
would equate T(B) as
nearly as possible to
T(A) as a measure of
each training device's
training effectiveness

You and the SME review possible sources for findiﬁg operational
data for the performance of the level of class you have chosen. The
Arcy, you discover, does not collect or keep these scores in any
systematic way. SME #1, the:tank gunnery training supervisor, happens
to keep these data informally, as a way of checking out his
instructors, so you can calculate a value for T(Bl). SME #2 does not
keep these data for his howitzer training courses; however, he feels

pretty confident ebout estizating them for vou, because he goes over

the scores before winding up each course and has a good feel for thex.

CBP ELEMENT SYMBdL IN THIS EXAMPLE IN HOME EXAMPLE
Comparison T(Bl) 14/20 = 70% £inal Selling prices
Target ‘test round hits for coaparison
Values T(B2) estimated 752 final cases

test round hits

You then lead each SME through an examination of the differences
between his training device and the one you are considering. You
describe yours, and stress the high drivers you have identified:

physical fidelity, feedback provisions, performance data rersrding.
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SME #] feels that, based on those factors, your training device
should train about as well as his does, and he would predict the same
708 performance for your classes. But he thinks of som;thing else:
the comﬁuter that his feedba;k and recording features cperate from has
always been poor, and is down so often that he feels it has impeded
training. You both agree that by the time your training device is
operat:onal, computer support should be nuch more dependable. HhHe
thinxks this would produce better trairing an;nraise the average class
score by a good 5%.

SME #2, in his interviewv, also examines the twvo training devices
end the causal factors, including the new one that SME #1 identified.
His training device is newer than SME #1's, and he - satisfied with
computer dependability. He doesn't think that fulllphysical fidelity
is going to add much to training effectiveness, becsuse he says his
classes get in s;ne practice on actual equipment before they take
their finasl test rounds. But he thinks the performance recording
svste= thet vou are building ‘n will be not only s waste of time but
an actual deterrent to training. He thinks you are going to wvaste

tize, lcad your instructors down with unnece-sary tasks, and in

general distract from what he considers o be the heart of effective
training: drill and practice. He therefore thinks that, all things
considered, your device will be slightly less effective than his is,

naybe 5% so.
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MAKING THE PREDICTION

You now can make & prediction of your target value: the number of
hits you expect the class, using your planned new traihing device, to
average on their final test round. The first SME thought it would be

another 5% higher than his own classes' 70% average: that is, he
thinks instead of 14/20 hits, they would have 14.7/20 hits, or:

CBP ELEMENT SYMBOL IN THIS EXAMPLE IN HOME EXAMPLE
Target Value : T(A) estim'd 73.5% final selling price for
test round hits home being sold

SME #2 had estimated his class at 75% average scores. He thinks

yours will be 52 lower, or:

CBP ELEMENT SIMBOL IN THIS EXAMPLE IN HOME EXAMPLE

Target Value T(A) estim'd 71.2% final selling price for
. - test round hits .- home being sold
You now have two expert opinions of what the training effectiveness,
expressed in a class performance score, of vour proposed devicg will be.
The two scores are close, and you could simply average them and use 72.4%
for . working figure,
However, you have documented thes2 interviews. (Remember the
guide you drafted before the interviews? You noted th; answers on
it.) Therefore, you are able to refer to your notes and try to
resolve any discrepancies in judgments. And if your review supports
feelings you may havg had that you wers noct getting really responsive
ansvers, you are free to reject an interview altogether.
In this example you tend to think, locking over their responses, that
you trust SME #1 a little more, because he keeps records. So you think,

if anything, your estimate may be a little low because of that, Whenever

2-7

- R LE LSSt AN PSS AC AT R RN SRANF sl Nt a"atirta -~ R ARMN AR I P O LW [ R K b L% By - »
Pt L B ¥ L VEFYY mE a®ara M KR RAD a0 AP PP 2 B € TR CFR PR Y- L SE T, Vs



you use the 72.4%, you will keep that in mind.
Your working figure for this prediction is about 73%, with an
expected range from 71% to 75%. The two different estimates become

like confidence limits for the prediction.

CBP ELEMENT SYMBOL IN THIS EXAMPLE IN HOME EXAMPLE
Target Value T(A) 737 +/- 2% selling price for

home to be sold
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CHAPTER THREE: SETTING UP THE PROBLEM
SELECTING THE PREDICTION TARGET

It is not always easy to decide just what you wish to predict,
When you are attempting a cost prediction, it is usually not difficult
to specify your variable, But if you want to know”the effectiveness
of a prototype maintenance training device, you must decide just what
measure to use and what specific data you need. |

The prediction variable, T, must bé defined in terms of a clear
question. If you want to predict training effectiveness, you might
begin by asking yourself, "If the training device does a good job,
what measure will show a big before/after training difference?" For
example, if you mean effectiveness for training in a classroom, the
T(A) might be the number of hours needed to cover certain tasks. Or,
it might be the'accuracy‘or speed of student performance on a
particular task, or some othé} measure, The important point is that
vou want to be specific about what you mean by training effectiveness
for a given case, and you must specify the measure of it,

You must also think about who will be using your prediction, and
how it will be applied. This wili give you ideas about how precise
your measure must be, and what form it might need to take. Do you
want to compare this device with otherl?.IOr do you want to use this
device in the solution of a particular training problem? Table II is
a checklist of items to consider in selecting T. You may add to it as
you proceed with you} specific problem, Table III lists some general

measures for relative comparisons.
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TABLE II

Checklist for T(A) Selection
__yhat‘do you need to predict?
__Are there standard neasures?
__Does T(A) need more than one peasure?
__Who will use this result, agq how?

__Does your measure reflect training
device use? : o -

__How will yoﬁ obtain T(B) data?

TABLE III
MEASURES OF COST MEASURES OF TRAINING
' EFFECTIVENESS
investment costs .
operations and support costs accuracy
instructor recall
facilities speed of performarce
rmaintenance transfer of training
life cycle costs savings
recognition
performance on secondary tesk
effort/efliciency

number of wins (gaming task)

number cf instructors needed

amount of supplementary actual
equiprment training needed

skill decay curve

time to criterion
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One factor that can guide the selection of T is the availability
of comparable data for T(B). That is, when yoﬁ choose the target
measure for predicting alout A, you are going to have to find the
value of that same measure for your comparison cese B. Your knoﬁledge
of available data for B may influence your choice of measure. In
predicting costs, for example, you know that tﬁere‘érg cost data on
record for comparison devices. When you want to predict training
effectiveness, you may well have a problem finding coﬁparable

The DoD does not maintain easily accessible records of the
trainiqg effectiveness of existing devicg;, although sources are
available. It is worth thinkinz about daéa availability before you
decide on T. Sometimes you can find empirical studies of the
effectiveness of comparison devices, and you éan use the data as T(B).
Yore often there will be no such studies. At this point you may bring
in a subject matter expe;t for help (not neceséérily the same one who

will work on the actual predictionL

The list of possible comparison cases (Bs) does not have to be
shortened until later in the CBP process; the final choice is not
firzly cade until the interview, when that SME agrees to it. However,
it is useful to take T(B) into coﬁsideration early in your thinking.
Knowing that you mhy have to estimate data for the comparison case

will help you define your target variable: that is, it will encourage

you to define a measure abqut which comparison data can be estimated,
and it will staré you thinking early about how to get those estimates.
You will find ;t times that you have to develop a very detailed
measure, and that this will require creating a whole scenario of
events within which to estimate comparison case data for it. Here is

an exanple of where the choice of T became very complicated:
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In predicting the effectiveness of a tank gunnery training
device (the Videodisc Gunnery Simulator or VIGS), we h§d to construct
a measure of skill sustainment, and came up with the following in
consultstion with cur SMEs. Normally, there is no practice in the six
months between the end of training and the start of field exercises.
We wrote a scenario in which the men were to practice on the VIGS
during these six months. We defined the target value T(A) as the
number of first-round hits a trainee who had practiced wigh_VIGS mignt
be expected to achieve at the start of field exercises. For a
comparable T(B), our SMEs had to estimate the number of first-round
hits trainees would average if they had practiced with another
training device,

There were no data, of cburse, for T(B), nor ;ven for first-round
hits attainable'after six months with no intervening training. So
SMEs first had to estimate the number of first-tOund hits the men
would have achieved at the end of training, and then estinmate the
decay of an intervening six-months without practice, in order to

estimate the effect of practice with other training devices.
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LISTING THE CAUSAL FACTOR3 (HIGH DRIVERS)

A1l those characteristics of the device or its context that,
differing in value from one scenario to another, can afcount for

differences in the measure of T, are called causal factors. Those few

factors, perhaps no more than five or seven, that a;count for the
majority of the difference, can be termed high drivers.

No comparison case will be a perfect match for the training
device you are plannlng. The two training devices will certainly
differ if you are planning one that 1ncorporates new features. or
leading edge technology. Therefore you must give some thought to the
most influential factors that could affect trainlng. Central to the
CBP methodology is the SMEs' ability to assess the impact of
differences in these factors, especially to judge the impact on the
variable of interest, T..

For example, if you are under pressing time 1imitations, the best
first estimate of T(A) may be simply the value of T(B). Many ball
perk estimates of cost are made by copying cost figures from earlier
programs. Such @ figure is probably a better prediction than one
based on an open-ended unstructured estimate. But CBP improves the
prediction By utilizing experience with training devices and
structuring the experts' ibility <0 judge the effects of differences
between the new situation and the one'they have experienced.

Figuré 3 iliustrates ;hy we need attend only to the high drivers
in our comparison of the differences between cases. For many, perhaps
helf, of the characteristics we identify as causal factors, the impact
of the scenario will be the same on the comparison case factors as on

the new devices. For example, the physical durability of a simulator
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Figure 3

CAUSAL FACTORS

-

Examine only the High Drivers in Comparison Based Prediction

/ HIGH DRIVE:S .

! difference in value
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can be relevant to its effectiveness, but in the absence of eny
information we assume that it will not differ from case to case and so
do not create a scenario value for it. Physical durapility is'é-given
and thus of nO»interest in our analysis. |

For a smaller percent of the factors involved, the impact of
differences in value is minimal and so not worth our effort to
calculate. Another small portion of the factors are likely to be
unknown to us and so cannot be examined in any way. These
unidentified factors may be the source of error in our predictions.

TQus only a selection of the causal factors will qualify for our
attention as high drivers: those which, differing in value from case B
to case A, will account for the major differences between T(B) and
T(A), &s Figure 3 illustrates.

The data we have found or estimated for T(B) can be thought of as

experience. Thé SME wilf modify that experience to predict to a new
case, T(A). The identification of the causal factors is the first
step in transforming our experience with B into a prediction for A,
The way thet modification of experience is doné depends on the causal
factors and how they differ in value in the scenario for A.

You may need to consult an SﬁE for this step, who may be someone
other than the SME in your interview, Create a checklist of the most
iaportant causal factors that will sffect T(A). Then examine these to
see vhich ones vere considerably different in case B. Remember, also,
that ve are looking at these factors in a specific context. While you
will probably bcgin:with differences between the two training devices,
there say vell be differences in the context — such as level of
student to be trained -- that will have sizeable effect. Figure 4

illustrates this concept.
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TLLUSTRATION:

Eigure 4
SOME CAUSAL FACTORS AFFECTING

THE MEASURE (T) OF TRAINING DEVICE EFFECTIVENESS

Motivation of students
to use a training device

‘

Simplicity/Complexity
Type

'
A

Type/Level of

s e s e g

Trainee

Availability of traininéﬁ
i device:

Reliability
Ease of Maintenance

Technology
Speed of Computer
Response
Religbility
Ease of Maintenance |

——— i ———— \

r/.

\ 1
. /// F‘de-.ty of training'’

device

Effectiveness of training .
device for teaching
tasks covered:

[

Training of Task

[}
|
Importance of | |

Tasks Taught to
Achieving T(A)AJ

G

Instructional

Quality

Time Needed co‘
Learn !

i How to Use the .

. training device:

by student

by instructor

POI prepared

Information from
manufacturer
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Some differences in equiﬁﬁent will have significant impact on
your target variable. For example, the addition of a feedback
mechanism, that allows the trainee to know performance accuracy and to
identify errors, can be expected to affect the learning process
éignificantly. Other features of the training environment, influenced
by the training device design or simply part of its oberations, might
include: student motivation; the simplicity or complexity of the

task; availability of the training device; the level of student;
instructional quality; or the realism of c;sk presentation.

Téble IV is a general checklist forn§our refe?ence.

Try to limit the list of high drivers to five or seven, in order
to simplify the job of the SME in the interview, But if in doubt,
leave the inclusion of a factor to the SME's judgment. And try to
define the high drivers xo everyone will krnow what they mean, so that
the distinctions between them are clear.

An exanple of the listing of high drivers, and the nature of
their possible effects, comes from a study prédicting the
effectiveness of automotive repair training devices. The proposed

raining device was to be for the irmy, but the comparison case wes an
Air Force device. The high drivers that were identified included the
following: |
#1 Computer Power speed should increase effectiveness
by dboth increasing motivation and
providing incressed training time
#2 Task Simplicity simplicity should increase the
. chances of building an effective
training device
#3 Trainee Level less experienced students are

less confortable vith simulators,
more trainable on actual equipmenc
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Table IV

ILLUSTRATION: SOME CAUSAL FACTORS AFFECTING
THE MEASURE (T) OF TRAINING DEVICE EFFECTIVENESS
(Taken from a Tank Gunnery Training Device Application of CBP)

Causal Factors

Phrysical Fidelity
"':'..s ual
Audio
Feel of controls

Device Utilization
General ease of use
Set up ease
Equipment characteristics
Frequency
Computer Power

Training Value
, Instructional aids (kill zone)
! Feedback
Familiarity/confidence
Relaxation
Motivation

Functional Fidelity

Gunner training
Procedures - automatic

Range of tasks
Variety and quality of training problems
Lead training

b

i

Malfunctions
Trainee Level
Task Simplicity

Task Characteristiés
Task Simplicity
Crew Coordination

Trainee Level

Miscellaneous

Cost
Range

. 3210
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These three factors were judged the most powerful differences
between the prediction case (Aray) and the compprison case (Air
Force). They illustrate three kinds of high drivers (in accord sith
the taxonomy in Table IV: #1 is a training device equzpmeut
characteristic; #2 is a task characteristic; #3 is a trainee
characteristic.

To complete this example, although getting ahead of this chapter,
we should tell you how the SME judged the effect of each of these
causal factors. T was a measure of training time, cxpressed as class
hours. Because the Aroy computer was to be faster, the same course
could be taught in less time, thus reducing T(B). Because the task
that the Army would use the training device for was to be simpler, the
time to teach would again be reduced. However, the Army was going to
train students less experienced than the Air Force had, so the SME
added some to T(B). .
This is sho;n in the following results:

T(B) T(A)
Air Force Army

#1 Computer Power - + (10% less time)
#2 Task Simplicity + (16% less time)
#3 Trainee Level + (13.5% less
tize)
Overall +(12.52 less time

than Air Force)

The outcone was a prediction of a 12.52 savings in training tize
for the projected Ariy treining device, compared to training time for
the Air quce training device. Since ve knew the length of time the

Air Force training took, we could predict a time savings for the Army.
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CONSTRUCTING THE SCENARIO

Prediction must be made about events in some context. A

training device functions in a particular context with & defined range
of task demands. In order t; predict how well a training device will
work, or what the value of a target variable will be, the person
zaking the prediction must know how the device will be used or under
what conditions the measure will be taken, (MIL-T-29053B guides you
in cescribing instructionel systen developmen; activities, ipcluding a
functional description of a training device.) It is s for;;l element
of the CBP method called the scenario, or frame.

If you do not establish these details about the device A — how
it will be used, what tasks will be trained with it. a2tec.,, ~
variations can occur from one interview tc znother. Worse, the
coamparison case B may not be truly comparable with respect to
ioportant detail;. such as type of trainees or conditions of training.
You would then produce 'findings' that would be misleading or have no
real value. For exanple, specify if it will be used to train nev
inductees, or to introduce officers to a new specialty.

The scenario at a tinizus should inciud: the high drivers that
you have selected for this situation. It is in the scenario

developnent that you assign values to them. For example, every device

T

will have trainees; the level of trainee is specified in the scenario.
Table V lists some of the factors to consider in developing this

scenario. Some of the f:ctors‘that our experience has shown to be

C o i

especially relevant are a statement of the level of physical fidelity
* of the training device, of the convenience of using it in a class, and
i of hov easily the training device msight be modified to sccommodate
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teaching different tgsks as new ones are added to the course.

The scenario must pro§ide'; specification :of the conditions under
which the training device will be used, so that one or more experts
(SMES) can judge its effectiveness in thet context relative to other
training devices., If the device may be used in different
circumstances, which will have significantly different effect on its
usefulness, the scenario may be apbropriately modifiedjfor a review of

those differences.

TABLE V
: (SOME) FACTORS TO CONSIDER IN DEVELOPING THE SCENARIO:

TRAINEES __VWho are they?
__What is their experience level?
__Are they similar or dissimilar to current trainees?

TASK __VWhat is to be trained?
Is the task specific? or generic?
. " What are the criterie for learning?

PROGRAM What equipment is involved?
—_Vhere is it administered?
__Are there options in the unit?
__If in 8 school, what is the course?
__How will it be modified to include the
training device?

DEVICE __What physical features does the training
device have?
__What instructional features?
__What level of descriptive detail is needed?
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CHAPTER IV: SELECTING THE RESOURCES
CHOOSING THE COMPARISON CASE

In this stage of the CBP process you will be making a tentative
selection of one or more potential comparison cases (B) and choosing
the Subject Matter Expert (SME) whom you will interview to obtain the
né?ded information. These procedures are closely interrelated and
must be pursued more or less together.

The first step is usually to prepare a list or menu of comparison
cases. What this requires is that you identify other training
devices, including Actual Equipment used as Trainers (AET), and gather
information about each one -~ where it is used, what tasks it trains,
for what level of trainees it is designed.

It will likely be necessary to go outside your own experience to
identify training devices that have similarities of form or function
to the device which you are considering. You should not limit
yoeurself unnecessarily in this task, but should consider tasks or
equipment that are similar to your own system, and consider devices
that may be in use in other commands and evern other services,

Again, you may want to call on a consultant SME for this task.
Remember, you need not be expert about the device you eventually will
select. This is an opportunity to seek information about the full
range of training devices that may be in use.

To select a good comparison case; use the list of high drivers to
match it to your target case. The two should be as similar as
possible on these important causal factors. Physical fidelity and

task type are examples of high drivers that should be closely matched
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for: this is because their effects are so complex and importan;_that
the SMEs could not realistically assess the effects of differences in
them, |

As you identify possible training devices, teintain a data sﬁeet
on which you enter the chara;teristics of eéch{ so as to fécilitafe
the comparisons and the choice of a final subject. (Samples of such a
form are includéd in Appendices B and C). Be sure to include those
cheracteristics that you have already identified as likely causal
factors. As you identify other elemezts of new training devices that
you learn about, ﬁou may get further insight into what thé&high
drivers should be.

While the job of identifying potential comparison training
devices is yours, the final choice must be made in conjunction with
vour SME — who, by definition, is the expert on the topic. However,
the final choice of SME dgpends in part on your choice of comparison
training devices; because you are seeking experﬁise on the training
device, not expertise on a general subject. It is possible that,
having identified likely treining devices and chosen an SME who is
knowledgeable, the SME may then suggest yet another training device
for use as a comparison case. It may be an entirely new training
device, one that you had not discovéred. Or it may be one you had
considered, which the SME knows well enough to value more highly than
you did for use as a comparison case.

This is'a situation where you want to use the expertise of the
SME, once he or she understands the problem. Guide the SME to select:
1) a case with which he or she is familiar; 2) one which will be a
good match for the target case with respect to the high drivers; 3) a

case for which data are readily attainable. This task seems a
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circular exercise. Our circular system diagram, Figure 2, illustrates

‘that it is!

SELECTING THE EXPERT

. Since Comparison-Based Prediction relies on subjective judgments,
you need to find reliable and experienced personnel to make these
juﬁgments. All prediction methods rely on SMEs at some point, either
for the development of 2 model or for the estimates thét go into it.
This is é critical element of the process. It is essential to select
individuals who will be able to make accurate predictions.and also in
whose judgments others will have confidence. Without credibility,
predictiQe accuracy is useless. | 4

To some degree, the choice of SME will also depend on the way you

have defined your veriable T, In the last analysis;lthe job for the
SME is to adjust the data for T(B) so as to produce a predicted value
for T(A). You may elect to use training personnel who conduct the

courses in which the comparisca training device is used, and a

training person may indeed be expert in its practical aspects. An SME -

must, at a minimum, have the ability to conceptualize T(B) as you have
defined it. If you have devised some hypothetical measure of
effectiveness for the SME to estimate, you must have an SME who will
understand the objective you are aiming for and be able to abstra;t
his or her experience for your needs.

If you have located research data on effectiveness, youlmay want
to use research prbfessional; as SMEs to adjust it. ‘If you are
working with operational data and estimates, you will want to use
people with direct traiﬂing experience, who will understand the

context in which the data were derived and the variables that will be
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important as you pose changes to that context. Some sources for-SMEs
‘include ORSA, DOTD, school instructors, ARI research personnel, NTEC,
etc. |

If you have enough time and resources, you can.uée”several SﬁEs:
training researcﬁers; systems designers; coﬁrsé instructors and
supervisors, We will discuss this further when we consider different

strategies for CBP.

ALTERNATIVE STRATEGIES

There are a number of ways in which the bBP application can be
structured. Your choice of strategy will depend on such factors as
time coristraints, abundance of comparison -cases, availability of data,
anq identification of SMEs.

Global Strategy. In the simplest application of the method, you will

interview one SME, present all the relevant data about A, including
the list of high drivers, and ask the SME to make a judgment about
T(A) by adjustiné what he or she knows about T(B). You may try to
elicit the answer in terms of an actual value for T(A), or you may
receive only a statement about an adjustment to T(B). But no further
enzlysis would he undertaken. This is called the global strateey.

As an exanple, you may be concerned to predict training
hours needed for a specific task. The S!E knows that a
comparable training device uses 20 hcurs. Examining the
high drivers and the description of A, the SME may judge “25
hours for A" or may go so far as to say only "maybe a fourth
agein the time for A" In this simple strategy, you would
esk the SME only for his rationale; which one or two high
drivers he considered. .

In another example of the global strategy, estimating the
cost of a Howitzer Fire Control Panel Trainer, the SME
selected a Multiple Launch Rocket System Trainer as the
comparison case B and used its cost as T(B). She decided
that for purposes of obtaining a ballpark figure, the effect
of the high drivers could be discounted, and plugged T(B)
directly in as T(A). '
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;3 High Driver Strateev. In a more in-depth versien of the CBP interview

..-— the high driver strategy -- the SME is asked to detail how target
case A and comparison case B differ from each other. Tﬁe SME is given
the checklist of high drivers and judges whether each 6£ these |
differences favors the target case A or the comharison case B, and
whether any offset each other, The SME next estimates how much each
of the high drivers affects the difference. The sum of these
estimates is calculated during the interview. The SME then checks
this calculation and is given opportunity to édjust it for reasons
that must also be specified. N

An example of this strategy would be found in Chapter 2's
exanple of the howitzer prediction, if we had kept to only
one SME. T(B) was adjusted for three specific high drivers,
one by one,

Multiple Comparison Strategy. Several comparison cases are used in

the multiple comparison strategy. Basically you play a game of (fewer

i than) twenty questions to 'pin down the value of T(A) by progressively
narrowing the prediction range. If the value ofif(A) is smaller than
T(B) for example, the prediction may be further clarified and refined
by comparison to other cases alsoc judged to be smaller than T(B). You
need only two or three comparison cases before vou have the prediction

fairly well determined.

H The use of multiple comparisons can serve to clarify and refine

the judgment about the target measure. It can also serve to increase

confidence about that judgmept: if the same prediction is reiched
independently thro;gh the use df different comparison cases, we feel
more certain about its accuracy. Also, if we use the judgment of
multigle‘gﬂgg'and their.judgmcnts converge on the same prediction, our

confidence is raised.
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As an example of the use of both multiple comparison cases and
multiple SMEs, we have the AMTESS study applying CBP to
predicting effectiveness of automotive malntenance trainers in
specific courses. There we used two sets of SMES: Army
instructors who were trainers with the actual equipment, and Air
Force profecsionals familiar with comparable training devices.

One case yielded a prediction of a 177 savings in course tine.

The second yielded a prediction of 13% savings in course time.

These predictions were accepted as in the same ballpark, and a

composite prediction of 15% savings, +/- 2%, was used to describe

the results., The composite prediction was conszdered better than
the single prediction because it included two different sources
of SME input vielding results which converged at a reasonably

close value for T(4).

This example; combining two strategies, can be called a
convergence strategy.

By having more than one comparison case you can usually build
into your prediction more causal factors for analysis -- that is, new
cases will probably have features that are different irom other cases,
and so you may be able to find direct comparisons on more of the
features of your-proposed'TD. Remenber, you are trying to locate
experience comparable to your frediction case: thé'more experience
with core variables that you can find, the better your basis for
prediction.,

When using multiple comparisons, try to keep the interviews from
becoxing too complex. SHEs should be asked to make predictions based
only on the training device with which they are most familiar., If
they are really experienced with more than‘one. then be sure you
reduce the list of causal factors to a number that can be handled
without confusion. Be very clear in the interview just which
comparison case you are talking about at any time, and that you are
comparing it to the proposed training device.

Table VI lists some strategy options.
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Table VI

Strategy Options

STRATEGY ADVANTAGES DISADVANTAGES
Global Low resource Weaker prediction
demands Less explicit
audit trail
High Driver Explicit Difficult to use
audit trail -with ceveral SMEs
Causal factors and/or multiple
evident - comparisons’’
Multiple Structured . Requires more time,
Comparison predictions and availability
Cases of multiple
comparison cases
Hultiple SMEs Broader input, Requires more time
cross-checks end S:Zs
possible Resultant prediction
is complex

Cumulative Strategv. You may also elect a cuzulative strategy, adding
SMEs until you have enough agreement to feel confident. If you
collect data from more than one SME, you can cross-check their results
to see if there are disagreements. (NOTE that you should run only one
SME at a-time. When two or more afe interviewed in the same session,
the judgments of one are often dominant.) By examining the audit
trail, you may find the basis for the disagreement in a
misunderstanding, or in a difference of perspective, or in additional
information that one had and the others did not.

If you can identﬁf; a reason for the differences between SME
judgments, you can feel more confident in your ability to evaluate

their combined judgment -- that is, you can decide whether it is wiser
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to take it on the hiéh side or low side, etc, And you have more:
confidence in the judgment because you can evaluate the degree to
which the experts agree with each other, knowing on whag the
differences in their calculations were based. ‘

) however; there is one SME whose judgment you value most
highly, then you‘should use only this SME, Collecting more data will
only add confusion. There is bound to be some difference between
SMEs. Unless you know you are going to edd value by having more than
one opinion, you should not seek additional ones. -

If there is time pressure for the prediétion. and limited

resources available for the CBP process, then select just the one best

SME.
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CHAPTER V: COLiéCTION AND ANALYSIS OF DATA
Now that you have selected your SME and decided on the strategy
you will use to obtain the prediction you need, you are ready for the
data collection interview. This should take place face-to face —
although it can, if necessary, be conducted over the telephone to save
resources. Be extra careful about consistency here: you lose the
chance to catch facial expressions that may show the SME's doubt or

confusion about a step or question.

PREPARING FOR THE INTERVIEW

As you follow the CBP method and conduct interviews with SMEs,
you will need to refer to different kinds of information. Prepare
your materials well in advance and have thes on hand when beginning
the interviev. These written materials should include:

== A description of A, the training device.

-~ A clear statement of the prediction target, T(A).

=~ A scenario for T(A). It will probably also include a

brief description of the actual equipmsent systes that
the proposed training device is being designed to train

for, as vall as the device's configuration, hardware,
and plan of instruction.

=~ A list of potential comparison cases, Bs. You need
only brief information on each, since the SMEs should
select only comparison cases vith which they are
femiliar, When prepsring a report, however, you may
need to describe these comparison cases to others,
80 you should obtain some description.

T

= The checklist of high drivers. A brief explanation of
sach may be needed.

-- Baseline data for T(B). If these will be estimated by
the SME, there is nothing to gather in advance. If
there sre already some data, either operational data or
research tindings, you may want to track these down
before the interview.

== A glossary of CBP termss end definitions.
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It is important to prepare a data collection fora prior to the
interview. You may vant formal sheets for entering the data and
judgments (see Appendix B for a sample format), and an auxiliary
notebook for recording comments. .It is very easy to lose data if you
are not prepared to record ansvers and changes in judgments., You will
also want access later to important comments that the SME may have
added during the interview.

The data form should include relevant background information on
the SME. This will enable you to document his/her credentials as an
"expert" in the area of interest. You also want to be able to locate
the SME if follow-on questions are needed later. If the SME is
military, you should ask the length of his/her current tour of duty
and where his/her next posting is anticipated.

Before you use the CBP method for the first time, you should try
a practice nppli;:atlon. This will let you test your plans for
conducting the interviev and collecting the dats. It will help you to
think through all of the decisions concerning strategy that the
interviewv process requires.

CONDUCTING THE INTERVIEV

There is & clear set of steps for the interview, leading to the
objective of obtaining s prediction (see Figure 5). If there is to be
sore than one intervisw, the guide is important also for the sake of
consistency from one to another. As with most face-to-face exchanges,
hovever, it will be modified as it proceeds. The order in which the
steps are taken may change, or some msay be repeated as the SME cones
to understand the process. Therefore the first requirement is an

interviev guide, prepared in advance, to assure that you do not oamit
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any steps and that you can describe how you conduct the interview,
FIGURE 5
The CBP Interview

Step 1  Introduce fasy.

Step 2 Describe A.

Step 3 Determine B.

Step 4  Identify high drivers.
Step 5  Establish T(B).

Judge global T(B) - T(A) differences.

w
ot [ad
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Specify T(B) adjustment and pfedict T(A).

Step 1 will be an introduction to the SME of the task and the CBP

g

process. You may want to review briefly the guide ;p the interview
that you have prepared. This is an opportunity to find out what you
need to about the SME's background and also to answer any questions he
or she may have. It should serve to put the SME at ease and to ellow
you scme assessment of the level of understanding of the SME.

Step 2 has you describing the target training device A and the
h systexz for which it is to provide training., Explain the targe£
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